As discussed in the main text, the primary ozonide (POZ) formed after O 3 addition on carbon suboxide was found to decompose either to an OOCCO Criegee intermediate + CO 2 , or to a cyclic CO 2 dimer INT1 + CO. The transition state for this later channel is intriguing, as its geometry resembles that expected for the formation of the OOCO Criegee intermediate (INT2, Figure S1 ) with coproduct moiety O=C=C=O readily falling apart to 2 CO. Minimum energy pathway (IRC) calculations, however, indicate that during the dissociation process, only one CO is formed, while the remaining OC(OO)CO moiety rearranges to INT1. Figure S2 shows an animation of this process. It is currently not clear if this reaction path is affected by the methodology used; conceivably, the post-TS pathway bifurcates towards the formation of the OOCO (INT2) carbonyl oxide. We have additionally characterized a Criegee intermediate INT3, where the cyclization process forms a ring structure with the C-O moiety rather than the C-O-O moiety of the original POZ cyclic trioxilane decomposition.
Theoretical studies of additional reactions in the O 3 -initiated oxidation of C 3 O 2
As discussed in the main text, the primary ozonide (POZ) formed after O 3 addition on carbon suboxide was found to decompose either to an OOCCO Criegee intermediate + CO 2 , or to a cyclic CO 2 dimer INT1 + CO. The transition state for this later channel is intriguing, as its geometry resembles that expected for the formation of the OOCO Criegee intermediate (INT2, Figure S1 ) with coproduct moiety O=C=C=O readily falling apart to 2 CO. Minimum energy pathway (IRC) calculations, however, indicate that during the dissociation process, only one CO is formed, while the remaining OC(OO)CO moiety rearranges to INT1. Figure S2 shows an animation of this process. It is currently not clear if this reaction path is affected by the methodology used; conceivably, the post-TS pathway bifurcates towards the formation of the OOCO (INT2) carbonyl oxide. We have additionally characterized a Criegee intermediate INT3, where the cyclization process forms a ring structure with the C-O moiety rather than the C-O-O moiety of the original POZ cyclic trioxilane decomposition.
Though we were unable to find formation pathways for these CI, we would like to briefly summarize some additional information on these carbon oxides. INT3, an isomer of the POZ, was found to be only 7.8 kcal mol -1 more stable than the POZ; compared to the exoergicity of as high as 72 kcal mol -1 for the main pathways leading to INT1 + CO or OOCCO + CO 2 from this POZ, this suggest a high, non-competitive barrier for formation of INT3. The CI INT2 was found not to be a stable minimum at the chosen level of theory, and cyclises without barrier to the O 2 CO dioxirane. This dioxirane can open the three-membered ring forming the singlet bisoxy OC(O  )O  . We have also characterized a triplet bisoxy OC(O  )O  , 8.7 kcal mol -1 less stable than the singlet bisoxy, which is accessible through an intersystem crossing (ISC) in the dioxirane, analogous to channels characterized in -pinene and -caryophellene ozonolysis [Nguyen et al., 2009; Nguyen et al., 2009] . CO 3 carbon trioxides are expected to ultimately fall apart to CO + O 2 or CO 2 + O, subject to spin conservation rules; Table SI-1 lists the relative energies obtained at the M05-2X level of theory. Carbon trioxide has been experimentally observed, and is proposed to play a role in quenching of excited oxygen, as well as affecting isotope ratios in CO and CO 2 . For more information on these aspects, we refer to existing theoretical and experimental work, including Kaiser and Mebel [2008] , Jamieson et al. [2006] , Kowalczyk and Krylov [2007] , Liu et al. [2009] , and references therein. Early in the reaction, here at -7.865 Åamu 1/2 before the TS, the intermediate has a structure similar to most primary ozonides.
At -1.973 Åamu 1/2 before the TS, the OO bond is breaking, and both the CC bonds are elongating, where the exocyclic CC bond elongates more.
After the TS (here at +3.495 Åamu 1/2 ) the exocyclic CC bond is breaking, while the endocyclic CC bond elongates slightly more, but not to the point of breaking.
Subsequently TS, at +3.495 Åamu 1/2 past the TS, the oxygen atom in the ozone carbonyl group migrates to the other side of the carbon, while the oxide attacks the central carbon.
At +7.895 Åamu 1/2 past the TS, the structure starts to form a new cyclic peroxide bond. The endocyclic CC bond is strongly elongates (1.62 Å), but does not break along the minimum energy path.
Finally, a cyclic peroxide diketone is formed, with a CO co-product. 
Theoretical studies on additional reactions in the OH-initiated oxidation of C 3 O 2
As discussed in the main text, INT2 has a mobile hydrogen that can migrate to the radical peroxy site, forming a transient hydroperoxide acyloxy intermediate INT5. INT4, a carboxylic acid acylperoxy radical, can undergo a 1,6-H-migration with a barrier of 33.1 kcal mol -1 , leading directly to HO 2 elimination and cyclisation to INT7 (see Figure S4 ).
Figure S4: H-migration in INT4
Finally, CO elimination in the HOOC-C  =O acyl radical formed from INT4 was calculated to have a 10.3 kcal mol -1 barrier (M05-2X), forming HOCO + CO. Figure S5 shows the IR spectrum between 700 cm -1 and 2500 cm -1 . A known pressure of C 3 O 2 (+ CO 2 impurity) was introduced into the cell and the CO 2 impurity was subsequently determined from its (calibrated) absorption features close to 2350 cm -1 (see inset). The absolute absorption cross-section () at the maximum of the 3 asymmetric stretch (feature at ~2262 cm -1 ) was obtained using the Beer-Lambert law for absorbance (A) by varying the pressure of the mixture, combining the change of concentrations [C 3 O 2 ] obtained from the ideal gas law and the concomitant measured change in intensity I, for the known path length l :
IR spectrum of C 3 O 2
The cross section at 2262.4 cm -1 was (3.7  0.5)  10 -18 cm 2 molecule -1 . The errors combine the 2  standard deviation of the Beer-Lambert plot with uncertainty in the optical path-length (2900  200 cm). 
UV spectrum of C 3 O 2
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